Theory of the flame holder by Field, Jennings Pemble, Jr.
Calhoun: The NPS Institutional Archive
Theses and Dissertations Thesis Collection
1947-06
Theory of the flame holder
Field, Jennings Pemble, Jr.











U. S. Naval Postgraduate Scboal
Annapolis, Md, "*'"

ff fl|i |fH| 0gf fffli y&HtS SQIMR
Library "^









a ^ ladNttt Bfti* «f now «i mmM«tf m
t «^ iriHiBiiti^ Whmm ^I4ftr t
2 « II«NmiH« mmmm fUam t
9 « trtHi»U» Uemr%t4, TUm a
h • iftuppM «f e«s «a& Bimiaf fO^eilir iMi4k» 5
$ • OiaiW •f di^ ant Auniac f^Lw^lgr ^H^Ubi
g *> ti^xjtr ^t^nu immmH •miirt iwHBi— tf^

Wi^ 9t miKimt0m0m
% m wtmm #

HoX^teSf* A flMM holder ift ;& 4!^id« fdr holdiag « fXtam la
» n^tfl7 fidviikg fr*« ttraaa df <$iU» ftad Iherttlor iMklag it |NM«i1^1«
to ijora Ifli a »tT«ft3i of sioh hl^^u^ voXoelty th^^n it %rfOi?l^. &t!^rvloo
te pM«il»Ie to ^mi ia.
tli^ aMXi^ io Imrft eff«otlT«l7 la M|^ T^Iodit? atroiMi
kaa l&ialr l»««oaa tr^noaftoiaol/ li^rtjait be' a^« of tho grouse ^*^^
•f all t^pati of iat pr^poltion aooliiiBtat in ^liah aoot of iha iMuraiaft
•eoars la fatvly hii^ ToXoei^ stfacosa. '^%% ^robloa io rol^tlToly
aaw %««atoa In eonTeatioaal gaooliaa or dlesol ongiaao %%e stroma
Tolooit^f 1ft affoetlYelar zoro »ad tho typo of liaiinisg oaeoaaierod
tliora 18 ontiro3^ diffaraat froa that la a flo^i^ stroaa* A eloar
dlstlaatloa Is to ho aftda hataoaa a flAae holdor aad a tarhoiot
aoMhoatort fho torhaiat eon^aoter Is a dorlaa u^tad to ^kltxh la
a eaaotjpaiaad floa ro^^lrls^g; 9XI tho gaa to paoe throa^ t^ aooAnuitov
lAaroao thm flaao holdar It iaoartad lato the ttrooa aad dlstarho it
at llttio as paatlhXa i^llo ttllX aalatalalag afi»hattloa| foal It
aiimjt ia^aetad ^roa^ tho aaa^attor hat l\]ial m»^ ho lajoatod olthar
ia or o|»atra«^ froa a fliso holdar*
A ^foat daal of vo«k has aadtahtodSjr ^a«B doao oa thit
prohlttt hf the t^S.Ila'vy* tho ^.S.Arajr* and ^w^ InftcittrlaX aoapMiloa
worlclas aadar i^mtraet to 4^oa or 9m privata projects; bat \^ raaooa
af Its nlUtarr toA aa^waia atpoata pr«iotloal3jr aothUMs; hat hoaa
paMlflhod a^>o»t tho fhaiai^tal aataro of tba proaaot of fXaaa hoXdiag*

warn B»v ia g^reai^ai u«a aaft «iiiali ^fp— huwrn be«a feaaft aaMiita1>la{
%na»ti a&ai af ^a aaaa la asa ara ea^layad la ailliafy Twm i^tm^
Um 49%ail« of ^1^ ema»% \m AtwuXg/^A, AXthaqtfi ti^a lara«ti|9al«p
ta a Mnbar of %hB mmti, •arriaaa, ao elasaiflaa lal^&nnitiea lias ^saa
ifepH^ nM^a aai t^ pxaHsa has baaa attaiBdEai sa ^mi %aaia 9f iafaTaatiaa
tfffMjMm &a iba pi^ie soiaatifia litaratare oal^r*
Sa far as is Inidtm aas% af ^a lafastigatiaas an fXmat
telters Itaira bawst Ht^la asra tluus iflal Mid arror IwrmitXgfktimm
idlth littla or aa i^taa^^t %a disaavar %h» axaat aaolttttisa hf uhlcit
X
tlia 4ailaa holds tlia flsas. X% la ^gnMfmXkf stt^ad tlMii Idia flaaa
iMidar. 1^^ aanaSHy l^Mi a eaaeava dawastreiMi sarlStea* iaas lis wafk
^ araatiag a tarbSLlwkt aaka «)iara eaabustiaa aeaai^ aora raadllsr ^Naa
la tlM aSJoialag ^nm flsalac strsas* aad tha^ tills teasrala^ tartelaiU
taseioa ae%a aa a saexaa ^f ew^tiamswm i^lilaa far Um aala straaa*
A aiaa^llflad dnsiFiae 9i a iijpotiMtlaa^ flBsua hol^m^ i^awlae tl» assaaad
yaili af Um air partialas aad tha ini^ la i^ich the flaas si^rasds la
Maaa la n^;itf» 1* i^as^r^iing ta Sr* Savad tlis laatfiidae csa *falXa
tlUTM^ tlia tlmam^ mH Is loateatad ta about X^OO^ f ia a aaaaar ^vai|r
slaiXar to tha aotl^i la a tarbajat e^iVostar. ^^wemmt* aa qaai^ltatiaa
aaswras 9i flam* liaXdar affaatiirsaasa ara ia aaa« aa c^Kaatltativa
yvadiatiaas tar the j^arforaaaea ^f a givaa alsa ar shapa ara i^te* aad
ia «^aai^ it is aat kaava ahat raX^iaaa axlat lMita«» sisa* iMmm^»
U &ft«r a di^rii^tiaa clvsa )gr ^» l^rad af tha &mttX XXsat^a
eoapai^ hafsrs tha iat pr^^siaa ataiaa^ at atasaaXaar Pal^rtMiu^















Uumt 93t9 l««|mi. l^«rtei^ te« wMorMt falrlr •owma «i9r«MHi to &
jM«itty« 9f %he •ffeoilT«n««s tt « giiNia n.i»ai* li»Id«r i« the reporting
ef th« l&a» In tetel pg»<«a» aeroMi it in tlie tttreiai, %at tl^is ia-
pliee th»t the tetel «H»ttt of tmr^fefoleaoe 1@ %hm et^nifioaat oliav«»-
terietic ra^er thsin the dietriteitiea or amdn^MH^ ef tlte tai%KLlewM«
eft aMeii^iiMi «^t!i tto epH^riMit i«Mtifie«ti«&.
fb» jttfpoee of this isTeetii^tioa i« to dioMrer the faaide*
aeiiial mmimssalmk 1r nt^i^^ « flese liol^U^ hol4e a fleae* Qaee these
•igKifieeiit 8Ti»blee ere aetereiiied ead %S» effeet ef eetilk ie oader*
i%eet» * %eeie for 4eei|^ idU exlet.
<^Miteieti<i» gtii4i<if
*
the ao«t ftiadiMeeatsl elsiAi«« of fleaee eeeiieiiieae
ere foa»d in tike vorle of those seieAtiets liie htewB iareetii^ted the
3^eee«s of teming ia the 2a»Mft hawser, sisi it ime tx^m ^e tioflc ef
tl^ee ptmlm that the thi^retieel he^eis for this vofk wee t«dteA*
iiaoiig ^ko mitetiUEidiac sea im Uiie field i^oee nork imo cossiiXt^ aret
7« JU ^ith.* S. ?"• Tiokeriji^* ]^. Ma^^, Wil^eX» «loet« and aoat ia^pertast
odT aU« Beraard ^vie of the &• 5. Bare«a ef MiBoa «»d ^neftther nea JKtbe
ef the Oarae^e Institute of feohstoloir. ^Ehe latter two norleere, io
9arti«alar Imire aade aota\>le adrsaawi In uadftrstaadiag the aeidMAi«a
ef eealKistioii «id have civea a f^aatioaal pioture of tile 2li»aea hanutf
fveeees ^i<^ for «eearaear aad detail is troly r^HUlcahle*
In m. %«urai«c <»*• e^ihastloa e«mr« ia a aarrow soae ft^pa*
ratias the mtharaed froa the bturaed eases, thie s^tie is a re^iwi af

IfiitMisft «l!i«iide»il r«»eti6ft iriii<^ prwp9m^^m i<^s«If «« a Wtfigfam hkm
with fwipaot to tiMi ststiOMtfr wilMittid ikiif* ^U«4 ^« «te»«l«s
v»l»eit7*« in eoctrollod >/ the r^^to &t -^1^ th« d^M»l«sX rmstHtUmM
wem imimmA in sacoosslT* m^ Ia^sts I;^ ii; dilfttslon of aetiro
ffMdos tMBii tt« H, €lt,J^^, 0, ««t SiD into tj^ laalmTaod ^m» «^
9» buToiJMS v»2«oit9r 1ft a otill fin* ^? aost i^e«ai ^Bmmafvm fwt^
io 1a ^o mA^%m6oo4 of tvo to fi¥o :0»ot p«r ooe^ML, & flg«ro ftr
^ilow th«^t ooMRtifil fftr aoatettiott i» a hi^ Y^loeity otzvsii.
4 fiMM VMMdao »t«ti«aiiX7 Itt a MOfinc 8tT«o»» o« Ia ft txur»or» oiiljr
%>ooiMi> tlHnro •!» x<«i;:ioiis in n&id^ tho ft«a» mlwxi%T !• •tic^ to
tho l<«fiX strooia Tolooitir* mi^ f«cl^&« uoaallsr iMlftg aoop tlio rta or
BoaJr fia #l«tr»oti9a is tho otrotti «o^ wm tho ^rl4 of a Xolcor imnNir*
fh» imtning yo^oRS ooatisooaoijr i^^to tho rowotftAor of tho goo «o
it flotfo ^, tho floiBo ^ro<«4tiae ost jhro^ tli#oo ooatoro ia muA a «|0r
tiiat tho iio»MiX aoafWfttat of tho sm roi^oltar <&Qtt«Xo tho imniiag
^oli^ltjr* ^SUla ^l^NTO sioo to a ^o&m la tho oaso of tho Wojtmmk
hanwr (ti^^ z} and to on iaportod ooao la tho tmm af the ois^l#
fUmm holdbor (?l«* 3)» Shis has ho*a woU att^torotooA Hsr yaadn «iA
^« aa€^o ^«9»oft tr U^ vortax of tho o^io, tsteoth^r vlth tho kaoiift
"foloeitjr of tho stroaa* has hoon aaod to ^totsslno tiio hojraiag
volooitios of t^ fools*
fha aov eoatrihatioa of £««io a»ft ima Xlho Is a totallod
ain^twrnttfla of hov tho wmg^mm of o^aality of i^ss voloftl^ aad hamiac
ip»lo^tjr wr^ oot&hlishod la ^lo pvooooo of haniaK* 1^ tuo

mUeitr M«r tiie mU4 ««U« wmA (2) iaHiUUfltt of the caq^losiiM
f—
»
i<» iQT «|i» mOl Igr mmos of (a) a*«truetloxi df tte ^lala eftrri^rs
and ih) e&^lixi^ Inui ilui wtU dmerm^m^* bot^ iJ^ ge^ iriX^oitiT «0^
«^ iMftmli^ veloeitjr« ^^«r« i« alw^r* ft lsr<^ c>^ <»m iMl««a« Hiitic-*
»••« At r^»% da Um ittXI «id Um ®Bts veXc^i^ IsonMens with thm
t^pMi Uki v»loeitr ftttd 4ft|?^M of tttr^waoaoo 9t tlio fl*«. ^ei^ Wmmiag
Y«Xoei^ Xs el*d s«s« ftt ibe wsll a^ for e ^»rt dlciffiMa flHHi li»
wkVL aStmr nthi^ it lAereaooo «rwla«lljr oe&IX ai & eartais dlsUaea
ti» tnilX baa aa tarVlkmt offaot «bA tiM isiumia^ volaaiij i« a ^fioetioa
af tha lUel alxlaYa, 4>gf— of tmifboloaoa^ oaaosi of p7«iioatine> tfit
9&m3t rtseUi^ktlmm, fills eaa ^ ooaa la tlm ifcoBoaoaoa of fXatf^ liortr
ukom ^la fXoMi pfo^>aaa» daim tlia talM a^ainit tte flov ylth ^mi
fHlagoft traiHSig ihe e^atral pariioa oad sat osde&ac aQ«io«t id%b Um
liall Ita^f. la orAlaasy tanlac ^ tlio asU ami^iiOtalr yinmiliag
%hm flssB for a dlataaso laio tha saa af i^epy«aelaat«X7 0»1 to 1.0
a<nitlaot«r» from tho aaXl 4tepoatitic iipa« I3ia l^rp* •f voll* ita
l<iipa«'atwrft» i»A otlt«p affoota*
Haife^^oak aeeara lOuok yM/|valoeily to—<*iora axaaads tiia git»
taloel^. ^^aa HttBm K Iktm aoiftltloa is raprataatat V esaewn X*
2. doaAthar wtm SDm oad Nerrls HMta«r, »1taHlMr StixAlaa af tiM
Stvaatara a^d StaMll^ of Bttm»r Hjoaa** J^ ^o»«»l af QioalaaX
fkarHt»* ?ol. 13» p«p.«9-I00, 19^.
3. Bero«x4 hmA9 meA aaoatbar wa Sl%a, vsti^iXl^ oiA Stroatiaa


















flftsli-bftii^ ia Jc»t po«»i1d». With fartlu^ Iw^e^mm la fldw the rcXd^ltj
op«ft all', S!i« itet^r* tliat 4»tftm^ tli^ &?liieal v^l^ftotl^ «xcidl«Bt
wftXl* aeattljr tile o^mdlUoa of th« wbII i^^i tiia ssia^sir* ^ii^^altidft.
<te» «at»i4» tlie t«b« the eoabostlMA «kma astir ^a
Wmdaxy ra^pJ^i l.^ir iaflaaaaUU^ aa4 ^« flaa* MtatoUaHea iUaXf
wm 8fl«r to tlsa ria af tha ten^r aa ^BM^lsg aXlawft* M «eaa ^iat*
Uia £aa valaai^ mA. tarsl«e iraXa^Uas ai« atmaX, aaft tiia fj^aea
paaitlaa ^aes^ia atabilisad (S^* § «ut^ Xi« Wi^ iaeraaa^ flav
ilia em^ttatlaa i^mi eovaa t»r\^T mm^ fv^m tl* t%M jfcSaJag ^ ¥grtiag
falael^ &;» %« ^« Iseraaaad ^atinia 1^?;^ ^»a nail «ia ««i^«r ^iftt
af at&Mlli^ is r^iabad aa la conra 2 li||pyy?)a ^« SawaTaT* ^m ter&lttiE
talaeitj Iranic^aa tawKrd tba >>wiiiinTy af the ttra^K aa a raaailt af
iil&ticm of tlta aei^ftisti^la alx^aya ^ 1^ w^kai^g^mm aaft afw^toiall7
« mta af flaw ^11 Isa yaa«Md ati^ tinet Uut 4^^ Yalaaitjr ^efnrr^^smf
•KMMto tba biii?»iac Talaai^ «jiA ^ flutta will Ihi ^ami ^f ^a tod
af 1^ ^t»»»r asd tattiaffklAwC Shi« polat is t»»ta& '^aw-aff.*
fbflva is ^»a a eritiaal Talaoltar ipradiaBt at tba nail for fla^^-^ac^
tfift saet^ar M#K«r cne^c^kt for 1»loi^-«ff« BatvMs Hiasa aritieal
IEra41««ta X%9m a raago of ota^lo aparatios* i^iai^ iaaraaaiaii^ tte flaw
aijEay owuH« a f^rtB^r Inaliaatlaa af the fliAa aarfsaa f»Ka Hui
•OTBal to t^ t^ atsaMiu

I^mm ^ntisBX v^l^aity gradlants mam «ia«alA%«d tt^m tli»
f9r(t0^i3^ tewH|4i«i of ihm tthaali» df ^ai^i^uitiwi ta «^ 1ltt»w»
ipniidi«fti df ^m ii^d.M»itjr ^o^mmi ^^ l^^ii^ i^«rtiott of th» |^ ioift
^kw^ porHoa voBMdaisc %« ^ iipftiioll. 1*0? tibo fXiMO ltoliii»^ 1^i« mwKl
llMi lpr»4io&t of f«looity ibotwooa 1^ l«arteli^ Xov Tolo^lt?^ ^rojsiOK in
Um Video of tlm o%o%nbt%&«a ^ed tb« ftd^ss^ftt f^'^a fl^vis^ s^s otrooA*
ffoft ooaro^^ia^o omioi4t^ftHo»o oao ^^iio^^iu^^e j.am i^e ^ra^i^tl of
oXooltgr ^ttM«ii Hm tuvt)ol«i% iMico yttgtak im& %h0 ttNm «t»Ptaot ida^sia^
w»t ^ a f^a»^l«m |^p^Hiri3jr of tiio 0ii^» of th# do«se%ro}ai ooxi^MO of
^» fUane liol4^r Imt w»i» dlToetly of taa a^^s^r^iB ki£qpo« Ito i^ffooo
«Midl%ioa« «»<& ^« i^rm of flov in Hkm imsmim ft^anNtfi* ^i» li^ioo
iiiftt ^ko i^Gg^o of 1^ 4bNf»stiNnBi mjdtam is <$f MM^odaxr lapoftitiBOO
ttOr, «» l^liOfe^iOR ooi la fiooort ndtk t^ foaovaX ^metioo iMali
a^RP«Viffi(t}y ^aio oalT' for i^oriotioao im the ^"po of mm&aswitr » ^^
te«»itToiia «2rffibooo with llttXo YogfiiM for tka idia|io of l^o «|^il»Mtfi
^urfaeoo.
1% ta»o tfeorofo»# ^I«MftOd %h&% tfe© fi«it ofetp i« thio iavooti-
flotloft «d^^ bo to MNkOQ^PO tile offoei of th» donfiotnun osrfooo o^oa
%» Qmm^bmt ymt SI%o o«i Merrlo Kosioer* jg^t* ^*

kol4«i« 0f Xcms tXea^Qr rods with diff«r^«ljr ^Me>^ doi»&»^««NHi
«a4s so Uutl l^o flo« wesld t^iMi ^ Iden^ioaX for fdl flote tol4ioT0
iamiyft »fK miimA^ Iqp Ute oh^^Lipo of th& do^^stroon «»A« fho voi wm
jamM&od eoaxlftUy la • 1^9* tttm liOfiOi n^ «fcem&»oti^l# olattoj^o of
Wf9^»am oad air imui liiowft* Iicftiti«i vmi ati^RB^ioiioA igr aii^ljriag
ft toi^ to tho toflmlottt tmlEO o44ar o»ft t^ rott&It vM It fUso In
%km olM^po of «& imrovtod ooao oo !& Plwiogroi^ X. ^o«rvft%io»i warn
aoOo aXao o^^oii libo IXov pationi* prooooiaFo offoo^ Ui %bm B%fm$»t
tmi^&rmt^am diotrlliailoa, sad c»ii«Pfrlljr of all faeto ««ap«oM»4 of
liiEVlBg a ^aarine t^&tk %3sm ao^aaiaa of fla«o holdlai;* ^m»9^ ^a^mk









ill* «ffee% of th« d»imsir««i mirtt^am of « flsio holder i^oa lis ftbilitj'
to hold ft ftmmt ^lo a^ppoy&tns mo dooi^iod *» olf^ly as pootiUo to
f^Of11 tlMit 3^ri«of3r roi|iiinoaoftt. 9hm rnxsm^immUX ftpfon^tus lo idieiai
i& Fhoto^v^ 2. Xto ooooatlol poarto «ro a blowor for «i^l/i»g air,
ft tfti^ of lipoid prc^ftBO for oi^^lyiae £o«om» Itiol V «Tftporfttioii«
•otorivi: 4«iri«<M for aoftoaila^ Uw mto of flow of olr aaid fool, a omi^
trol Talvo for %hm ftir o/8to« «^ aaothor for ^o famX syotoa* throo
flaao Itoldoro oonolotlos of throo 1ob$ roostd oloftftor otool rodt hftviss
throo diffMW&t olutpos o» tho doimotrosa oorfaooo.
& iotftilod doooriptloft of tho porto follow*, ^o rolotloa
•f mmeiik part to Uto aoooa^lod ft]^>ftrfttQft lo boot oo«i ligr rofor«u»o to
flwta^^fi^ 2.
Air JQo^r. !%• ftir blotfor lioo a eontrif^i^ aai^lao dooi^^ood to
Wipljr ftir to aotftlliirgieftl ftiniaeoo* Ito ratod oapoeitr i^o oao b^idrod
oovoatar**^^^ oobio foot of air p»t alxaito aoo^iirod at ataooi^rlo
€0ttdttiffiw; but, oioeo tlio aotor drlviik^ l^iji 1iloo«r woo sot ao ^mwmttaX
ao tiao oao lutoadod to >o uaod* tlio aetual output of %km l}lo««r vao far
iMlov tho ratiac* 1% «coo suffioiOftt for tl» parpoawi of tkis oi^)ori««at,
feM»v«T«r. fkm tklowor w»i oporatod at thlrt^r foar Inuidrod ooiroat^r ttw
rovolmtioo« por aiaato «&d it ran ^lotljr tmA yfitk littlo iri)iratioa«
dollYorlaiE a v^^ly of air at «a alaoot ooaotaat iMtok proosuro of












%»dk iHMMMMm mm «&% m»m Uum flm^ ummM a# n^ tmm mf wMl^p ftl»«ai|^
(Mr «iii«iP iMriii^4in «iA ^^l* mm m m^ tiipittgjit flMiwr %m i^^^Ui^riac
ittui i»nigirQ«MMsi «f ^9 tmii mtm fttm mm %«itt tm ft*4tt Ift Hi* ffiiMt«c ii^**
iirtwa. aftftM tiw #Miiatt4 irn^tf or air t^» m»t umm tfrnt ^» Ummt
it Wit MmA-lMMi ftwini «« Imt m^Nmi ## flMm %9 ^ tm • ftittl* ^ i«3yii^ioft»
%ii^ l^« ?«a«Afti««« 1IMW iBMy iill ift M|4&«wift «•& Mki^ Wm$^ «• *>ili^
»f taM ctiiti« ipgnwwLf 4M9 Im « •tiiMi ef fl«l4 at it
t» i^iMM tturt^i^ ft VMrtrlfitM 0|>wit.<ia* ^^ 4bitftii* tt HMMfy*
M«naMMM«MM*wa»
9, i»«ri«Uil SbttUty of Mechanical Engineers,
Fluid Meters
Part 1 Theory and Application
Part 2 Description
Part 3 Their Installation and Selection
N. Y. Sec. 1931-

uft niwitteft 9f tM A. S. M« S« «»& ynltiiaMft ia « tpMdftl n^&?%« M
ft tlUMft iaaii Iffftftft ^9*1 inA ite orlfUw ai«M%«r imft U^Jl iMlMft,
ftfttiftftfft ^^ vftift Siotftllftd fttea% imft l^slf IftcAi fl^A tkm orlfiftft pla^t
ftft «|}ftelfle4 tev *fliui^ »«9«** ^swiifieM wftvft smmmx^ nAth «» luiliftftA
k««p itti«ii fto«14 %ft VftftA ftftftftaCfti^ io » IraftArftfttli of «» imA ftf
^ ftoiiitieiui of ttnp««Bl«« «3id f««ft«igrft ft^ftTved i» tlfeft ftlv ^rttMi
4teiiic; all iarpfts of ftpftratlom «»rft aot ipfftsi «Mfti^ %• iMtoft ^^ifiMSt
ftiiftHCm iA i^ iftAieatlOfts of tko ftot^ds^ i^otm, «&d i&orofovo tho i^ks
nfttt •fti»«t4«NA to te fttm—
g
iiftgift ftiir la th^ «i^t4i&l«%iOft«. 39m soioilss
fir«toft ftft itt»tftXIo4 f&ftA uftftA tlwftli jsi9» msssOBSuemamA^ of if^#it flov
ft—Tftto to Iftfto tabKft tkroo potooat.
^»aMf^ ^pf^rm* Xh* eoatrol vftlirft iiaft & thra* iftedi i^to vsXto iftotallftA
tvftMg^-flfft laeSkoo donftstroftft tnm tlM aoti^rias orlfiftft |^l«t« aai ftia*
iftfliMai dftiaiftt««fi» fxiUB tlift poiftt of fH^ laloetioft* Ift oplto of ito
XtfSft olftft tliio mlwrn woo o 'V0X7 oofttitl-vo ooAtaroI 4evioft OiMi%liaf
tkm 09«mtor to oo&tfoSL Iho flov %fitliiUfi Iftoo tibaan d««e$ lam^ttm mf i«toiP->
iMiftA Oft tho diffoiPoatljil ftoi^MOtor. Ift aMltloa to oostiPoXliftg %km vitto
«r f%»m of ftoatefttlOB ftiaEtwro* tM.« ^^vm pogforftfti th* ftoimitiftl
ftjMittoi 9f tiMf«iiM^dr atziftft ttoo fin^ «ad air 1« tlto ^nHmloRt rmgivm
ftPftitftl 4(niftfttr««i froa tlio Yiklvo* Ite 4S.ffieftXtgr voo oftooftfttftrod oo
ft rftfolt of liftd ftiJEiftc*

X2
r* Ste Ai^ WMA mm pM^Bm m»* ^M^« t^U tMiAur tlMi %«»A»
6S«M of l»ho ptirtlaoat ^uuraotoriotloo of f^^poio «» m tsa^ wem t«)»»
latod toloMw
SiriUoal JhNmmaem 6&Ji IK/•%•!&«
fipor Pi^MHRoro fl^ 28^ C 132 lw/«^«lo«
4 yiv^MQyo rodoolsc ^«Ivo of tiM t^fp9 |$M»inBll7 usod «i aootariMM toi^fco
is noIdiAc opMRftii^oft wM i&8%«U.od lA Id^ f^l lifio to eonirol tko ftaol
9V0O00S*, sbA 1% B»lft^dn»d tlio frwHRUPO aoorljr oMwtimt 1n% tdth oUi^
fliiete»ilo»o« Hhm— tlme^trnMlwam mm ^loXiOfodt %o li«v» minooi oiciljff*
varloilofto of mmH tf^Ilt»do Im t^ flessm ftis* iMid loiotteily* SijiM
TOftiiaipi &t ^ow-off eoBli 1m s'^«o%oA ]i«iar tiftoo «ri^ olaiMt lioBlioftl
rooolto, i% to teHiovoA tiiat tbooo ^017 maI.1 fXuoteotioso had bo
•orl<mo offoot 00 tiM oMvawar* A oaoU. oof^Ntar viv Xod fy<^ tho ftel
took to ^Hk a«l» o&r %ia» oad tte i^Ml «&• la^i«tod oieolaot ^lo bIt flow
tgr o Vo8^ ?I|M» i&«ldt ^o ftir Xiao os tSisvo la 3^1«iuro i« Hio fteX tjotoa
00 o nhcXo o^Mtlttttod o aotoriJie dorico i^Udi imi voxt mXloUo eaeo
6. %t« fteufoi^fcod tar ^w M^pXlor.

13
momt ditn&aXit p«rt« of tlMi wmmmrmmv^^ U va* ««3nl«« «ttt m foXImrs*
IflliOll «t|ftO ««^ft4it villi « pOSltiVO OtO]^ dOTiO* iBfttftUod OA IIm l»M|r
of tt* rsXrm iM wa^ a imr t^^t tlii« eoiOUrol valvt o««ld 1« <ipMi«d to
oaBM^^?" t^ mmm plm^ r^poatodljr* flit* tSso wsm t^oft swaoujwd for o&o
j^mmA of f\E2ol to flov oat throoi^ tiMt ^^rotoR for m Mrios of opooiflod
pTMttiyoo i& tlio fool lUo. ^%io dAto io talelotot Sa umpondlJi JU
Staeo ^# prooooro io til&o oir ijotoA to idU.^ t^io psml diooj^^idrgod
rt^Mliiii •enstaitt Igr Ttrtno of tko %:Uii^ <^>uar«otoriotlo« $aA %hm f««t
Hiat t%io stftos YoXooitj voo so iov ti^at tte iiopMit ^Po««if«i hmM. »o
•iiPi^floaat offftot, tlio i»roonuPo la ^o fool 3Liiio mt» Uto oiOy oos*
tvoUivg offoott 9fvwtimA tho tOHtorstnro of ^ flMil is tiio t^ok did
ttot drop too for* It inui f^nond ti^t ndth Xo8is «o«tiwsio& »inii«c
oifoporotloa imoIIj^; eouood tlio toa^oroteaPO to foil oo Iov tbat tho
iiaoity sm& tiooooitr of tk» #ftO v«ro «fe«»f»d| iktm ollovod a sroator
void^t of I^X to fXov por unit tiao tiuas i^tli jB^moX rots toas^orataro
4poo «ro« t^ofii^ ^o j^rooouroo la tJ» I^X Xiao voro tho ooao* fiiioXXyt
Iwfut it mm dotondaod tluit %h» rmHm%ia& fVM BomoX voo sot la*
fMrt«ait if t)io Tapor proosaro la Uto t^iii: «i«ro iMpt 1>^vooa XS> aad XO5
Xli»/ot*lA«» t^ iNQpmr proooaro ^ias a aooAaro of tiu toasiorataaro,
l|r oWoanrlag tlda yyoaatloa vwqr aaoarato «oaooiaBOBfct ooaXd ^ aado
ao vlXX te ooon froa tiM tateXatod tlstoo la a^oadla !• aad tnm th«oo





«MMttAW««4 la ikm iU«X «aUl»mti9» «i& tlie fiM^ t)m| i^ «»li%3rm«i«i
teli«f«ft tlifti ligr it« tM# may ae««x%t# au^jRyrtt^iMfttft «f th« ttxmX \mt§^%
<ti«ii^«r « 0*S^79 iMiwft find l«««t& » thiar^ six ia^«K ^3i»m fl»i*
lfe9X4kM*« w«ra w»iat#d «^al«lljr la a im»-iTKB4» pip« thT*« f««i 3lm^s i&-*
Ibild Im pXaM tor ••^ »ereif« Xoeftiaft w» f^% azift tvt i^Mt fr^fs %hm d»wi-
« lii|^ 4«§yi^ df t«rWl««ft» ift tlis «Sr ftt^NMn. f)^ »IX tM tme^HM
vsotti, ^i« «&&« of l»ba flaiM holders i^mixiitdftd oaa-'hja.f la^ tt0» tkm «ai.
•f Um 0fi«**iadb piptt» tet ii va« d^eirmd ^B&t »» —awupaliXg ^luais* la
parfaraisaea a«$aiiMi4 «ii«i (ka «ad af ^e rad i^ui aarad fs*aa tta pX^ma af
Idw aad 9f t]^ pipa %a a plaaa aaa ii^ da«satxa«i ttim Ite pip«*

15
•ixt«ftalli «f nft iMii iMHft used t<d MMumm ^« aislaae^ ^»vtm%T^m tnm
Hk» mA of %h» fXmm IboliiMt tmA tltmfiy* ssiOl« Hhi^ «iiH»ax^ ^NMBi^wftitiiw
•f f«»t «i^ «••& to aoatttgft 4i«t«dMi«« Iwrpt^leiOiKr ^ ^« fleir. tt mui
•fr Aifflimit t^ m^AtaiA ft tti^* f^ittft nt tM^MPatmreft low «m«#
fSnr t^ m«« «f a Hiaiwniotigpia «aA ^Stla faatdsr aairaijal^ lin^tadl ^%
aaiit af imfavaati^^ ^lat i^KOd 1m a!»talLaad tgr tliia iii^^io4« ^Sia taaiata
«Mkal]Mid aara ^faa«ti«uil4a taeaaaa af <1) tte loiis aiE^MNapa af tlia t^»r«a*
•M^ii m^ ita i^ttiss* ta t«i^ai!at«x«« nma t^ tiiaf«a^«^la*a raxiMSHi
Itaitlas tfMip^mtajra, a&d (2) iIm j^Po^cMUtjr ^^^ tlui :»raiaaoa tlf
tiia ^af»e«a^iiaa altarad t^ ati^etiure at th« flaaa* <3} ««diati<»i ««f^a.
Ha^vay, 1ft ai^ta af ^ra^atia iaa^ui^dalaa soaa v^cy lataxaatiai^ laf^r-*
atl«» esbout <^ taai;»<s9%titra 4iati^%i^ia& ia Uia flaaa aa»» w^ al^aiaaA
wmA ia 4^o«tt Ui CHifva II* J^ pgaaaaya praba tiaa aaAa aaln^ as lai^aat
ttt%a iiMtfOlad la «m» aiaa» aU4U«€ lii^ «lt^ ftas^fai s««ilta« %vi««
laaiiir&^aFaa aXaa llaltad tttM acaayaiy af tii^Mi aimMii^iMftta* tatf^an^wra
•ad i^raaanisa wmmmmmmAtm vara mfta la aaigoaatloa vitli llaat. €aady*
0!U«i^ K eaa^», 0«t*I« ilM 9fi^pa3Pad Oaxm Itlit^m raw data o^talaad
JaUtl^^.
M^egjfi^ maimnm i^tagrasiM ««f« mfOm ^ IN^. JSoaMU Harna(slaa«9.3.^




v«^slt« ^^«ilr sHum&m^ homerm^, <k^ t^t fXsv mam «»« rttv»«l«d.
ates^ the tXmw ftf ^ft atfVM mi i^ «^1*« BtdU^ppi^li 3^ ii»ii« ^« «ti«ip«
«ad dif^fipBiw »f ^sm mmipeiw£ ^^r^am ^th^oM %«t¥ai^, 1% watft sttdl« 1^
iMNitUs ^^ ^ir iai ^^wi (»«-4»^ plpm i^th a iiM^Uttft ««^s«li lAii^ •«mmi4
Ite ii3Lm9tgam» a^BmtA of Ui« fl««it i^ ^stftaca %»%i<«ca ^« flaiae l»X4er
•taoi^p^r« f)mi tito Kft^Wd oa«*i»^ plfe m^ hsve ao ¥«ap|i^ «b the tlmm
aoiiea ^itiyt^ Mid ^Avlag that tl» «M@^ «M»» otearvad ^ «grt «sl
Ifcttfgngji^^afl idtli Q/Himaar a^mtt^t sfaa^a ««« aot «t «U a ttaa pidl»u*«
O^gyatlwMi o^ Biawoff, ^* aaia d^aerratiosa «af« «^iw iat«yyii tn
ttiftsar« tba v«W af flav at Uia laatea^ «f H91^-ftff ihraa aa<^ of tlui
t^3P9a flaoa lM»Xd«ra ««er a ye^aiB» »^ 9&x%wm «N^aitiaa«. A atslijr ^
«to fiial fl^aa»i;et«rlfttiea naa aat iat^MMl «&& tiM ^raat ij^payWofta of
ikia ^|iOsiiiMs» af t^ teraias aix«ttr« la aalaljr doa ta t&e flROt that
tte «ei^pMittMi prafcnoiljr affMta Uia ^oraiiiii irtntaatariattaa. Tliarafaf*,
tibia QttX? sc^oa^ liaala of ooaiMtria^ of ^e %hxm fUmm helioiafm «aa oM^aH*
a« for tl^ oaao atxtttva* a»& tkia oaoOd ^ aaoM^Xlab^ ipitli ttia «cparl-
aunt at Mrt-^p lA maa otOj V iMldLac iM»«ar««Mata avar a ranga of aixtaraa.












lapMti^a^i!^ ^Ai^ ^%mttAnm%%mk of Vim Blm^m,%m jiMiffiiifHiaii— of ^o
l%dr»« fluimm h&Mtftm wtk» a»t %li« ^^mant d^^oet* tet tel^oi«iB«^imi of
folotivo poapfnyoMi omhhk ttio Uupoo «m tiio «ool« Ami to ^o f««t»
•srotOM oin^n i^»|>l3rUie oq^oftU/ to oooh of ih^ tlkroo omrlkooo liOtOd aot
idTfoot t&o ooa^itolotto darmm* fMo lo aot to )« %9km, m oft lipliootiMt
UMit oiQr of 1^ —owiffgatnto ofo ia«Baos»to ossMit «o ootod or ^ot o«gr
wEJo o«rftlM»3ijr 4oao*
ICia.tiott «oo oMOa^l^Hid tr ^^irtiig » fftlrljr ri^ idlactot*
iwit tM flM^ lioXioap i^ m %mt iwloottir «&& ^Idiotf o fJLoatiit wt «r
voote soor tlio tortnloftt vogisft iaeo4ll&toly 4dii««trooai tJtom ^tM floffO
loULMP. Af%«f ijpdti«i tho flov ootali. lio iiios*oooo« and t)ie idbttoro
•oiOi te ffftaiiiM «t «iU tfi^Os i^m aixtuvo lljiito of tof! itmoMU^
itti ^» fio« iJUiit» of o^^ilitf* tim oi^^oitiPoaeo of ooviMa idxtufo
%B3rfti«s» ffiM aoitfaor *rl«li* mr "looa** ff*oe t^ fXot oniod 9«d i« oo«i
$m t%»^0^^miih Xm fi» 9&90 oiNl flMHi IkiSUter o«o tiolliSo ot tlM loft
oifi of Hio f^toMt idELiU to idii^tlar lof^^nr than Ufo«Hiio«» iloto ih^
Um tlmm 00mk •»% mi^m oootoot vitli tho tm^eX ^% It tioooiwn loBiao«t «t
o A&ot«»oo ^ oti^pfoei^ttftt^tir 0»1 iftohoo mor ^fMi H o99ox>«i^^ 00 a vooolt
of tiMi qnowtfiloig offMi^ of tlio aotol« 3o«o«bip, tl^ loaiftomo m«io» io
•ot iiooeoo«Pi2|r «^ lioot ivootiim rocloa, oiaoo m laae^ p«poontogo 1^
tlio vooetlott M9r ooewr oliood of tito fawtooiig M^ioft.^ tkm mmtmm
"voloeitcr of tiM otronA lo UiS.« piota2*o lo ol^oot V^ir^'-ooTMi foot pMT
«ftd i^ tklo volooltr tito flo«w front io irofy aoorl^r pogoHol
T. M 4«i«il%o4 ^ &r. N«»dl of tHo (^oxM^ol moetrio em^mmsr tef^ro tho
J«t ^p^?al$Am, otadoiito ot Xosooolo^ I'ol^'to^uilo laotituto in HMrob l^kj.

%m «te nsw t» ft a«%«Mift «r ^fo 07 nam G^m ha^tm» <Ha»iH»> 4MMi%vtt[Mi
iMtt the flaiift lft«IdMr, «t fiil«ii fftli^ it ^i^km to ^if«k8» is ft maarwittwf
Mtat Uftxvftftftft idtti 4UtsMft dftwftfttnaRR. ISmi fteri^ ftiteftnua 1m9» «» ^M
ftSAft ftinrfiteft aftftr tin %•»• of tho oftft* titm is* to a imnJimit OtaMpA
tm^iafti^ M^iMi orofttoA lor tlw oaftsi^ft fttsio ^bmpo mMiv ftdd&to «9eitt&
Hhi i«a^€l|r noniftc wmiM otv^tfi* imn j^mmmmm 9tm l» 9mm h^%^ %m
Itetofft^ %X %9kmL ftl ft Mii^ towor n^o of flov to tii&t tMo tes'l^iilosl
attnlga* Tort«ie ham «0ir«d oloooip to Uko i^t^ «ativ^ olMMorli^ aoot of
Ite Alv^Eiftftt oo#t^ft ftf iOm imio «tel^ ottiX oidotft isol^io %tm 4ow<>nel»
liMft fX^r i« #M»ro«aod mtffioloatljr «tii« vot^qi «of^oo ^ftik tatSl it
wrtwt ocHidMit lilUi tlift ftifio oj^ tlMi 9ipo oaMl foxm * lteM» \mxtmT tjrpo
if fiftMOt MMOtiftftO Vl%h Hm 4iWHI||^H[^ 0«ilft tVOft ttiO IXoftO iMddM^ OtHl
ift |^i«i» oad ^Mmiftg «OXI« Iftoovwr* ililo roll of tttf%nl«eit ffiitoido 9Ar
ift ft fi^etioft of Urn i^po odcft atti tho 9gi^mi^ ^mafmslb»r9 rtL^hmt Uuai
<^ Um f%mm l^ldor oat ao portioalfty %fm^ lamA booft civoa to it« It iti
wor^^ of aotftt lUMiovor« i^i ^» woitliwwi i%mm toft^orotwm oppooani lo
to iMMitoA fdtiiift llM omift ftA4«A0ftt to tMo fiortoK*
igliilfliprftph 5 ^b4»io ft fUiM IIIGO l^bi^ i^ flMototfem;^ 1 im ovuqr
fmq^t oBttWpt tittit ^lo ftijctoro io Iftoa* Al^oo^ tho voIoidLty lo otlU
li» oaao* tiio l^oanotto fUao tooo oot i^jmi^ tiio aotal eloo^r ttoft
•Nmt t^voo tim^M of om lfti^» oft4 tho fl«Mi finest ftt flrot eomtaigim
iftot«ii4 of roMolnlng psraUftX* Tf» oki^o of tl^ tvorboloat yo«^«i ^»»%
iftmul f oiiin of ^feo floBo lioldor is oloorlT- irioiUo aoo to tho tov iatonoiir











f %te emm U MIA «nax«r f#r ti» U«« siaetw* ^m far ^m annMl,
«a& la ^sanral U» ^nda»«i^ 1« sot •» gnst. ^tasN^n^lw* tmauiiiuwiito
•iMv th9 t<w!a[>«r»faupg to te tar law else*
i« ft rMi odbelttM Inmlflc at tH* smw vftlooltr* X»t# tlHi iteF»lT o«t*
liMd tettaX«at rtcitti* tlu Tsy/ aatfov bmAe la ^w fl«Mi» Md %hB lov
lxttla»«i^, Qmhi l»t«M« ¥urmUe mm •^art«6» «s it mm is tlb« f«rt«i
•d U« 9i4i^t of ti»« ]^let«r«, IsalBositr t^ tmi^vn^afm v^m hi^ 1% iM
9»4Mi'&le ftt tla»« t« eidif* tJ^ft flsm ^ a«iic 4»«r wistSl It t^^sratMi
maMitmly^ ^^ • d«^ i^tto* l»tii*Mi th« Inaidas *i i^ tiP ^ ^^ fUiM
te^nr sad tli» Vanli« at tW Imm 9f tikt •«», tnt ^i« U in fUMtallA
ci^Mktimi tttM^ •«» ^ audatftiiMd only f&9 a whmwI* it is pflt»W¥l# U^t
ilMHi flia» tigiafatiaa •Marrvd t^ ifttsnnaiBf dank ««£io« «m asffrtliilati
« raglda of M^ tfifIcml vaftdti^il^rs intyajtMitiaa af «iar aaMKrlag
dvrla* sa^ itfi a tkMRwaoqp&a Mnrfsai oal^ to 4i»n^ tM floy pattaza
aaA c^»a ldAv-«l^ ar tvtata af tiM ivtiUiaaa flaaia.
i^at^r^k 7 ^ava tlw tarpa af flaaa aVtaiaad vitli a aasaal
i^Btara at Itii^afr wlaaitlaa, tau^ ona ImiIi^ M «^««eiaatai7 aisctgr-fifa
feat pmr aaaffiid* Jattmn^ tiit aaA af tha flaM HoUar anasat te aaam
la tibs piateya ita paait^Mi aaa la aaewpataljr iwilttd ftaa tha fari«^iac
]iM»««En9l«« l^tatfNqpii 8 ahava ^m mem ftaa ttia taaaA aaiad flaaa
kaX&ar at vair l«v ^aaiaai^. as^taxittttaly tbraa fsat par aaaoaA. Xa
^ia piaiara tlia ai^ela af Um ataa a«a eXaarly i« 9m<m to la lairsfar
















iiwtUBL ia tiMi mSsm of Umi £Um» lm3M»rm ^m flssm tw^tk Wm flat or
MNWttvo sorfio* is ooMfttiAll^ Uui 4M«ft !» i^ei>o«roaoo 9» %iAm tlmm
ttom tiMi womA 4wiod rod*
irloiblo to l^e «3r» i« «lio iMtrlft%i«i of oolor «i^ •txt»ro* tlM floMi
lo Xil^t Ujoo for « loos sixtiiro Hooottlac ao^ro I^oilsooyi ^ot naoti^wg
Iflao fto aoro tsmX lo oi^lAA to tbo ttixt«re« tQN» ooffleiont f^I io wAML
groMi in XimX B^rrov rogiott oad rotoii^ ^e iMraol ^fto ooXor ttt tte
«Kro tail^NMs roiimi dmrnotroMU &io gHMi eolor io bollovod to Iw
Itoo to ^ui yfooawoo of oanltot MnmuUoIqp^o Im ^lo fUoM^ » attSf^^ifl^Iwi
•f tlie fto-eelXod *oool fUoio* rofortod la %3tm litinPolAaro of ofwioot
Hm Xft^o of flov oA Hoir-o^ noino Koowirod V ft^ttli^ • gliPKO
«oi4[^t flam of f^I so protioooljr #WM»libod iB ^lo iMdilsn^tloa 4too«Ml«i
O0A iaoroaoias ^10 flov of sir oatii tlio Aono ^o« off tlio ooA of tUm
fUam ^X4or* ^1b» roMlas of tte isMeliaod »oiM»ot«r oA that tootost
gfffm %h» r&%» of air flow oad tiiM ooolA bo ei»l»lfto4 iA%h tho rato »f
flMl flour to ^TO ^o totftl rato^ tkc Mxt^po oOiQ^ftiti«l« wiA totfi^amr
iii^ tlio aroA of t^o oanaTar oi^oaiog^ aa avora^ v«^doit^» ?oXoao ratoo
i« Tm iaiso aa& l4hito, 4omBX <jf #iWiMf^ llyolao. ¥^X« I0» 9*3^. l^i^«
oM &* B. 3ai9t «»£ OXlTW (hnwat. gfe ^^^HW™^
Woioarifci. IMoroeimoo FoUii^oro, lao* 1^ wit, ».?•. If^

n0ft tljsm wmm uiMd la %^ f«^vt iiMtMtd of Teloeitttts in 9ra«r to omlA
^o ttMfUoatlMfts «ffi«i«g <MEi of tSio iroXo6i%]r sa^fUos oiaiM ipo2»mo
f^ios vw eagMfrily ]»PO^rti«ial %o «vwfts» valoeitioo* tho olio of IHo
«dLt opttftiag futtiaiac 0«Hi%cait tills pttjnsaotor uro aottRUPo of p«rfOnHAMi
gMilly tf i9»o4 ot 'volool^ %f«iil4 luiif« ^ooa*
X% KM ipMol^lo to i^t Tovsr ooa«lote»t rof^ttnc* ^^tt*^ ^^ tml
mXVKtt^i^Vk ]^ro^«i &«& %o«a oolv^ mad ^sts %oitel^^ of «»tttyolXlag
tito floBO had l>«Ni ao^foA V larootloo. ^^o roar «i^orlmott%ol 4aia to
liotod la aiHpOttdlx A mA oacMdaa^loa of the dovioAloao la tl» looftlaso
vUI gilve ooeoo idoo of %hm vops«4taelMIltr pooolblo. HQ>^«fTor tiM nmsB
la vhlek this roprolteoit»lXlt7 wao olitmtaod iiao otrlotly ilaltoA* oiA ao
foadia^i voro n^>orto4 o«toldo of tlilo «a«sa» M tuo v^p^or flov tl»
Ilidt ma o«t»od 1^ tlio f&et t^% tho fljuM IsotooA of bloving off tA
a teflaito velooity if0al4 froteallT^ doei^oaoo la lBti»ol«9r a^ oiso nidlo
nor fmX vaa %l.oi(a tiiiroojli H «Bd lato tho ataoigiioyo wltiiot&t teuralaft*
If tldlo lamitooB voro alloifod to eo to oea^Iotloa tlio fU^ao veold dlAlaiiii
aatll oaljr « ymtf tlajr ti^ teac *&^^ ^^ «^ ^f tiio fXoao t^ldor ox-
looitiit alo^t two 41«Mtoro 4mm»%wtm therefrea. I^BUPl&«r»ovo« at ratot
i^ooo a owrtaiB doflaito valao for oaeii aixtaro a»xleod laotaltilltar of
liM flaao oot la ooxtolag tte aoamMitor to fliio^M^to vlldljr or^ a raaji
of alMut slac toatho of aa la^. la ordor %o enfold onoro fkiMi thooo
aoMoo, ^10 hi^^tioot foportod 4ala oao t^taia at a mto of flow ^froal*
aatol/ B^ 0f ^^ voto at «bl^ it ooald flrot bo otamrtod ^at taw fuel

toi^ pXaeo iJEB&iHr «fcui% «9aditlott tet ift is d^fti4«r«d to ^ » «MUwrvft%lv«
I«i^ Tort^ic ai «!m ^scs of tlui ooas ulii^ n9T»4 mpBtt^am jm%%X i% amim
KMM ocmyex't^ •• ifeo«& la aiipMfe&ljc B Imto t3)e fots plott^ la Omnw ZX,
Omi «r %vo ot&or otemrratlofio of tlui ootioo of ^io fXmm
Aofild %o aoloA* 1% ««• oWonod tiM^ ol tho li^UHii^ iibm tlui fUno 14«v
off» ^9ee aifAHPoatlol hmsl ooroos ^o awforlM orifloo inovoosod ^
i^proBieiaKloljr #»i %o 0*3 loeboo of ooior impmanHm^ i^oft U» imto of flow*
flUo iadleiitoi liliot «1m %«^ pmamwasf o«»so4l ligr liM fX«ao viio ooffl«i«tti
%o ro%ard tito flow W ^Ikoi awnuit. AddiiloaaX W9iMmom of tlio ptoooooo
of Va^ pi-ooiiifo froB %km flmm lo «Mtt Is tlio dlnofgnMSO of %lio ottowi
99107 to mAmeime^ tho fXono nidJyo Hw a»»toI dtimrftioii idltilfcoal teanslag
lo mm^ oaolXor* flsm%<^pmi^ 9 asA 10 e^oy thlo divofiSMUM 'wnqr oXooarljr
iV ^lo poth of tibio aii^w pa^i^loo latfOJagiod oft tSm ode* ^ «bo oti«o»,
Aiofto^n^ai %& IBM ftotoMi oi a «ao of flow a^voatiaaftol^ Mif ftiiot of
Fboft«ex«9pb 9 9mi. tiM off^% lo «o«o aofleBd la tbm alooor oft«o«iu
Aso^kar ote«rvaftloa Ukaft oooXd ao% Im i^ftOfmpliod oaa t3m
9foo«aoo aft ft^aoo of a ftlar vorftax vloi^yU la ftlM ftaylaUoaft wnUm
t—fliaftoly dsvaaftroaa ftoa ftlio flaaa liol^nr la l&o apoz of Urn daiftc
mcl«& tooB la Flioftocrap^ 5* f^o o^rftaat Kad ft^o i^fpoajram^ of a WU
9t fl9o alKN^ a ftoftftJ^ of Ml lodli la ^bddkaoo« aad ftvdoo sm Xoaig la a vapid















m1M rmsA tgtm 43asf« It* %l» plM df Mui siJcUar* MopMiitieft Tvnnm
Ite fft%« «if nmr «t ^liMf-eff• t!i« fl&% «irf«d« !• •«•» «l obm %• htsm
* p«rf<in«ftWii ift«Bti«tl vith %ha.% of «b« eooesm rajrfd«»« a& »te«rf»tioft
•tr««a fturffisfit la fiaat &dld«ra* 6«iiiifaf7 ^ wrl^laal ttxpcetntioa «»
th» lUktl» of •([oal ^P>3uoei^ gntdlaiiW frtm Um ^»m ftlff«r«at rod**
til* pmrfexBeiMM «f tte gWHiA wiat irNluMi »ai *• fMd «» Ui«l ^f tlitt
i»tlimr %vo* 3|i« divnresaw is <r»«t^ I^UA c^hpmv* at fint si«ii«» m%
Uw «a3rf«« toe to iboir flat •!•!>•• Slnw for * gl^wi Kix%iu*e Im Umi
l«aa n^ige ^le fsM of ttmm b% ^lotr-off froa ^te fial oaft <»ae«fO oor-
faooo !• tblrtjr to fif^ pMPooat lsroai«r thaa for tlui rouaiod oiurfaoa
•vm Uttiai^ ^^ earvoa l&o roiy olooo to^oliiitor. flui flat natttro of tilUMM
onrffsoa i^tova i^ it waa oawmllal to olntala mtmrmMm a»aaafaaanta of^fl<nf«
aiaeo a oliaa^ of ^la f^l«to-alr ratio fr^ aiK Ineaftrodtha to oovoft
Imairatft^ aiema tlMui daabloa tha rata of fTow at ^lov-off
•
Ite Idoatity of tito wrrmm for flat aa& ooaeafa aorfaoat «^3»
Mn^rta tfm ^laoty tiiat tfe» al«al^^»i»ftt ^laPfeetariatia of fXov far
ati^Sa ter&ini? is Um Taloelt^r gradiaat in t^ atraaai and it la
Wliafod 1^1^ tba parforattaoa of tha »Hiada& surfaea aaa alao ^ anqplaiaad
<m t3^ %aaia vf this t2iaox7.
M lav rataa of flav vitli tho fWiaiaft aarfaaa it «aa obaerrod
tliat tha flaea did aot ^islaato tv^m Uia oataida rodiaa of %h» ved tet
fraa a paiat oa tha earvod aarf««a Ottoh that tha dla«atar of tha taha of

mflaaM B«8£r Mi* varfmm vrs MHJ.I«r thaa this f^l railoa «f tlM ve4* ftM
««r«»tii»u ^ta« 4b* to ttHi loe^iiofi of il»e polai of «i|ttfmiiott of ftor
^» w^LMm •f the fl«B« hol4«r mm «ff«eUv»3jr Y^biMA. S«« ^l4@wr« 7*
ilBCMi the veloeitjr ^rsdlft&t is teteralaid W ^^ •iF*^ <np»r nblaili frietl»»
fon^ aot %o «#iayd tiM flow aNur tl» ^^urf^ew, o rod of MftUor stidiiio
«Ml4 stfo^ttM A fed«Mar mOoei^ sy^ftlMit iSiaa en* of IsangiMr ysHiius vitk
tti« 9mm x«t# of fl<wr» «aA ^^vm^itm «• veul^l maMttsbljr «qpoet to e»%
Vlo«^ff «t & loifor fftt« «r flov witli & imMMt jtmldmu fido Is t»
ttM»fA «lUi OtMI«mitl«UI»
If this «•«• tte 0SI7 fMi^i^ «t vostfc it aoQld Vi «9^Mttt«d tiuil
•s tbo Sftto of flmr iaoroMod oad tlM poiat of o^pATatioa 90vo& ««t «ftd
sMoad tbe oaxTod ou^aoo tonorA ^o fill s^Mdltto Hm^ tiko $orf»f«oMO of
Hm f««aA «ad idMoId aoro ttoorly oij^roai^ l^t fwt ^o f l«t «id owM>»yo
oaAo. ^EMo vat aot ol««rv«d« It aajr ^ thai tho tmmtsm^ of ^10
Mito sAd t^ XiiBitod iWAio i^oirtod odPO sot «ifftoimil to oboir
* twmaA if it iocioto, %iit o plstui^o 03cpXft2i»tio& osa oloo bo fovad tm
tim otf&^ of Tolooi^ igradioato sanaA m t^gbmt^* oiaoo tho «l»ii»o of tiM
tmidod fUiio l»ldor mxrimtm mm n^p^mdUaoMi^ IwidLoylMTl^a.. i^i^eov f
o
oftor Bedgo and fkovipOMr tlMvo k^r tho volooitjr profiio i^erioo n^oft
o otretfft Mpaar&too o& saalt a oarlRMo. 9» point of Mporatioa is al««9«
a poiat of s&ro Tolooitir grmHimAt at tho surfaoa* Vat tho cioo of tha
tagioB of «MPo gvadi«&t it api«aroaU|r too oaetLl to bold a tltam for
9* Btd«a i»d 9^M«i^«i, mid Ma^^feiftaiqa, H^HtwHau aock QoivMgr^ ^ad**












fimdiAatft «afgeaadiag au^ polato aa*l te too g3r«ft% »i hi^ rBt%» »f fl«v
^h0tm 19 a riiv»ar«« flow alo«« t» tiM «i:rfte» iiti3Ui tia^h/^ tr^m th« «ir»
A lMi«dc flow c» tlio rowMl^ iii^aot 1* ib* ciurv&turo of tOio forwovd o^c*
/(
«r I^M njw* in l^he^ogirajph J^ Slio volool^ gf«A4oftt soar tite «Kf«2^^
oaeXoslnt: tide rvnx— o&4r "b*^ ^ sk^ sr«it«r Uboa it woaXd Jisvo %«hi
vlt&oBt tho f<07ors«X of flow* fimm oitofeHoy fo»tor loodiaiE %9 prodooo
o Ikl^d^or Yoloeitir g^fm&kmA tmr Iftko OttM ra-to of flov io oo«Bk to Wo «l
voflc. ^illM offoet of tid.0 rovoroo flov ix»Tm^mm tri%h t^ vwtif of flow
%o>afliio the tovoroo flow 1« diTootod iik»o ftoorljr iqpotfvoii oo Uio oofo*
fAtiea poist aovoo totiort Urn fall vodtiyi «a4 aoaaolillo 1^ Mi«Bl^a4oo
o# ^o folooliloo of tUm »!» otx'ooB oiid tlio W^ flov telli Iootmmmii
vlULXo tho flyot eonoo, offootlvo doofowoo In dloaot^ of fUao ImXAot*
iooiiioioo viUi iaorooooA ?atoo of flov« Umt tkm t«o offooto WkUoioo
01^ ooaaot bo oasoly <oiA froa tbooo aooMnPOMOaio tet tho ladioiitiMi lo
ttMt la thio fi»w ntafo tlMt rato of ImanmMm of «m io aWottt offoot Iqr
Mm vatoo of d^ovoaoo of ^o o«lmr*
9Hi ooBO tgrpo of Wi^ flow oxloto iAth tim flal aad i^aoavo
oorfaOM as id^ tlM roaaft oao ooMio^t that t^ la^ flo« aavor oaa faii^
ipotxvaa s«ar tko ^dN^^mtioa OBfalo$« ao vltli tlia voaad «urfaaa aad
^Mxofoi<o ^3m offoot okbonXd 1h» looo oororo* I'or %km flat «id tho ttcott*
aaa oai^ at ^AUh tibo too flowo oouXd »«rgpo io aiaotgr dogrooo. Soo
3hL#«P0 f« f%BOteg««pte iadioata tiw «tiot«aM of ^io flaw tgr ^M

iMini iMMi t^i«i momm •cu^ ««ttiii» •• lAwwt im ^t#m 10 ten ^ m ycilBil
12
• XiiX0gt ta^imsm flmm Wi>%4mr mxA vitJi Id^g^Msr iP«2i»diH«i ^i» «4^ flam
mtdm f%mm liitii ^iftti4tv»U« 'v»Io^%9' Mot* r04wii«K til« v^^Mlt)^ ffftMm^
Ir «MM^i3i list 4bft«iU#A %mm&%%m^H!om «f «igk » fl^i»»
Ift ^M» BOMitt iVfWW flam «ftlj^ liMlltwr fl«» tMMI WMMl mA i^» tlMft
12. For further evidence from the water ta'ble ahout the flow in the back
eddy, see Addendiim No.l, p.35»

a?
•tnuik, ]r is tikM <i«t«tt^i from tlw flM plat«« / is tli« total blildSauMS
•f tb« IWrtMrttofy litter, t^r a pip* t^i« W eaa ¥e %ilc«ii as the as^KivHi
vaXoeilQr is she axis of ^na ]^ipa aiaoa tiia i^^al« flow is Hmnwiaify layvv*
M* S «QTf«iQ^oi^Ui %• ilia radiaa at tiBea |4pa» Biffar«iti&tiae vil^fe
yw^aat to r« «&d tsleiac ^^ liait as r &;niTaasifcai 1« lfe» Radius of tlw
acbs as«a2Jbi ^a ipradiaftt a« t^ AXirt^^om ot tHa pipes
Xi» f-jfe^ ^ V
siMTa T is %Jm valsaa rAta iritK tiaM^. k aladlar opamtion vill fltilA
0m TitUa of isht Tmt^ 9it ^tMngiB «t raXoaltr ^^ 9 fear aa ansalar iQkaoa.
Ho«av»r* ia t^ Mbsa of a tartelimt Iwimdafy l^rar ^m «k*
praaaioft for ti« distrf^iiti«k of iralaei^ id^ distaaaa is
• -
=(f)^
libi^ diffaitmtiataa to saroy^ Jaaoydiag to t^is ral^ioft tlia fata ^f
aliMKia of vaisoai^ vi^ 4iat«Baa from tHa vidLl la aaf*» at lOM mU»
a maawtttsiaas atataaaat tw tliis ]pnft«ti«ga proHan. MilMr tha alMira
si^atioa ftyr irslaaitr aad diataaaa doaa aot ^^^ a^ tlui vsll* ar
Umi paittt 1^ ilii^ tiks cradiant la ai^jaifiaast far ]p«f^i»oaaa of tMa
isPMti^sat&aa la at ao«a mkiII antoaaa diat^aaa raaovad trtm %hm wall*
AltlMMil^ ^hB aetoal valoeity gradiaat eaanot %a 4ataff»iaad for tMa
aigparlxMit It mm te aafaly aaid tHat for & 4^ir«i rata of flaw ift tlia
iq^aaBstaa tmad ^la iralaaitr ^radiaat vill ^ tiia sajsa fiw all i^knm

1—t>A »f iEkiiO0sr«al«« #m %• Iftt t—i h«fti o* kh^noom:^* fItilKCt*
lk«i tiM ]^P»»OTiti of th« ttfcogii—nyX» aXt«7«i fttraettur* «f tli0 flmm «oa**
8»tiiif«r» ilK li^UwxaM rnx* tmtffliiH^ily i^|?ir99tijaa%«3^ dOXT«et and tlww
4iifiallwl/ llkit^ j^eM»tl«idlr all %^ %§m9T»^m!* *iM e««uni ia a VMqr
asrvev «omi ]U»Oftt«d api>f«adUiaft«ly iAwr» t^ Xuttifte«a fX«M 9»am l«
Xooiai^A* .^^Mia 1» vfttotOiMily •••• Wflip«^aliif* rt«« fllM«dl af this mm
ttti l^« tmema^ af rlM «r i%« «Et«ftt la i;p«»« i« Mt f«lial»ly idimni la
ftirw m. ^^ I»» lfjpi«»t»y Mifiott tjwtgAliittlr tafsat^Stfi fmi ilw
CLmm l»i4)Kr Is ]^r»1^blar tii* gwrtn^tsd »i»t«r« that k«» }^K»Md t^ysa^
«i^l«Mitio& i« ^VM fair tlis Miwular x^gl«N& «f hi#»«t t«i^pM»rati»» May
tt* %am •€ tibs «ta»*
His ^^tmmvaf ^r«W of «3i« CIjmm x«£|«» «avs uarsllabls vssitXts
#M %o %Sm ftoi t;^t tii« •%^vamm% eoixld sat wItlMitftttft th« M^^ te^^MOn*
Imra «iad t^t U ^started t!i« aifiis^nt!* af Urn flaa** Mao t2i« aaairtag
^ MlNrilt 3PSaiipBi«a ia aat alaar aiatta iai«ra ia ayaarlslaiy vapofdiag
Ilia atatla p«i^«ixra diaiviteti^i ia tte raaoii^a aatia» Sut oalj
%l3r ala«^ faet «ntfgiat ^Mi Umi pr»««»a j^ra^ ia tiiat ia ceaaiwl %im
totai px«Mi£ra ia laainitiat laaa doaaatraaa twmt Vha fiaiHi awna ilbMi

lorMsaw m^ in?*Kl«d ^ tte ^a^astioft reaetloa that r«tajrd«d l^« flow
f%mm eonBf the e«qp«ii»it »f ^i« f^iwi piaralX«X l9 thtt tlmn pre^l&oiAg
f«%flirifttlo» flsd Vom »ofa«X iraapttMM^ ype^teeJBg diTcefigMeM. ^Sbm ^pamttimk
93Pi9— idNrtHuMP tlw prm9»um iat^ ame^» * f^Uow wom» so &ft«ft y»f«irr»A t«
•• ^m "Xmw of pr#s«ajr« dao to Inmii^ liSf o^nlmotimi lsrre«ti|Eat«ro la
tite i»t fio^ Is * rmtk loos or ^aXy tst a^peiWit loot Ibo to the ^o«lc
Slio f«ot tliftt tbo flano ortslo*to» o«oo ^totoaeo frmiiam otool
f%mm h/^limF xothor tliaa si it* ooFfoM io Ifttori^yotoA to %o oft ImAt—tlo»
of ^oooMag Iqr i^toovptioo of tlio ootlvo 9p^«$,9m tmA ^ eooliiig, fidlo
»8ti«i io 'bolioirod to ham masitL oijgaiftott—o 1& tlio flisoo h^limt ^rooooo.
It Hill ^urolx Itait tiM oiso to iAti#i fl«Mft luiiaoro ooa ^ fodnoot fwr
okiaft tlio totol ^urteloat roffios to «i^is ^te diotoooo of totol ^««Mltl«K
«o floao ooA pooolMy te rotoiaod* f^sor^oiiEiOffo It ig^f^oro f3o« Um
o^oyyattoto tibot tho egamuA^M^ Mtito»oo inj^rooooo wltii twarooood floir»
tfeo ooeaot oa^lsftiitioa of tiiio |o oot ot piroooat oadorotood oaA o f^ilX
!•« £• f« fiocdc, *aMil»tttloB loooof^^* Otiogii«il ^ftofiyaroTiii^ f«r %gloo
lOStfc*
d* 1PMI mte ooA ii« ll«ftto«r, 'Farl^Mr St^^tioo of tho ttfaotaro of

3^
tompipttwi «f tin Maniac pnmm 9m»% W *<• vitkosfe tHutM «aft«r«*
•Uaiiiig* Xt tiiwaA h9 tUm^mA t^t wiUi s&t«s 9f IX*« •• low tlMi%
tlMi mA •€ tt« fliMM kml^ane %9ntmm hm% Uke f3.tfM mm mt%m^ m Imig Ujm
bumiaig iiOia.d ^tt^ iqp «v«r tbm ciiB* •£ ^b* fl«a« hi»l&&r mA taic m^ ^
%hm hat oarlln&rltta Mdrfaae* 4Jr%«r Ubos iMi^lj^ tiM «»A l^vtbsr it
mfaXA oiififilHiK %• mtmsp i^p«tM«B %#Uc mmimmA W ^^ S^t Mtf^uM ^
•fiMts the qpii^lMg aeiioa aiid 1^ i^^/m^trnt i|«imtiintf ift id thm «i%l«ft
Uk y/tmt 9t it* iapo«t«tte« m %ri«f 4MMripti«ft 9f tiMi tiht>l<i«l
ki««tl«« 9f th» itntiMililifcg aetimi tm ^tw(m, %«r«earboa aad vtsnm moiim^
serial l«aii>e to «aiplo«i«i is gifmt* let* tti« taiiiatioa ^ • frao
Ittdieal.
tt* pr«teftt# of ^U» x«i«tiOtt tlwft maot as foilov*
OS*lg • fig***
OH^Sg = HgO + H
11. von Elbe and Lewis, The Journal of Chemical Physics , Vol.10, p. 366,
ISH2.

ttf SjitttatlaK a mmt ^tftlm idii^ is %«sm lMP«9fliM» i^tia* ^f ttii« pr^smim
Igr «ttf:l^0i«a^l7 »Rpi4 ^ula tap^ileNs pfPoo^A*** Qm of tl»» angr wgrs is
« Og a • 1 Og K
Siw ^Ist te4r 9m%9 is Uiis fstnetloA i« m»m^ thm ^ssd iwsiigr ylsassd
vitti 1^ «aii«i sf H 0mOL fsr sadsss tl^tt immngf «a» te dlssij^ktsd
tte S p^ptlels fliss i^«r% &ftsr & %9ldf i2^«rfsl» iSiSii th* last
i««sti«ft omars tbs ^Mkls is ttsiMi Ir tl^ xsaMnsl sf t^ iiMd» sarrisr,
S. lEias is «ias 1119^ la iiiiioii s ssiU «aft iaMHt a vsastisa« i«»t^Mr
saf is V a&sorptiott of «h« aativs sp^riests ths wsill tife^ra tlMgr tsast
nitb o^tar <«diaals maA iMMoaa aaatv^ ttasa iMafclas "^^^ mmXum,
f^s aa^urs sf tiis saH^M* affssts tlui ^iartlilsg yr^isrtias
yrsf^^adly, a fast that ssIbm mrfai^ trsslbiMHii a vsasonal^ yvsi^sisig




testtsr* it mg^gmKPtA %Sux Hm wPiH^tO. i0uKr8S^«sl«%l« «f flam i^ s%a^l«
iltfHW waM tlie «le«it7 |pr»ii«ft« b»%^«««s Ite l|^t*d sad ia^l«id%4i& fwi*
injtd Hmm tellteft «««ld giirt 1&* Basm p^isti^wmumm If tibi 'mloat^
glhMma% «•«# li«ld eoast«mt. t)M fl*% sad e«M»v« dio>ii&«tTiMa ^orfsMs
iKl It ifMi d»Wf«inid tti^ fSftr tkls eas« the "vauU^iy lprMd«Kt ]aad tt»t
%««ft h«M e«fist«ai» aad «a e3iepliuitttti«a «f t^ p«rf«nMuiM isveXTla^ Hm
M(T«MBi ^f %hm poiA% of w^^asN^iMi «f fh»m lemm Imtm glipea UiAt 1ft Im
<«i<nngL with ^!ift Uttovf of iP»loei%3r 0r»&«ttts«
A pielntyft df t!i« fladM liold^r wmtikamlwm «« dftWffpdiiftd f^r«i
Hiifl lsT««tiefetioa !• j^fom itt i*«flftir» A tm:r%»l<ai wgkom In ««««iftd
it«Mity«g» l^r«ii tki« Amm lialdftT ^mp« ^ovlmtimi !• ^MMiied %r ^«
Iftv T«X09i|y flsd t«i^b«d«M» asd inld.M>i«d la t^ Xigrftrt $A^memBk% %9
Um fUarn holder %7 tlMt miittchiag ftff«e% of t&ft BM»tftl naU.. ^f th*
fWiilimt of Tsloeitjr ^iwM« %i« lR»aljis t«r^Ka«iii vgX^m and tli« mt%9%§m
tr— fttno^i 1» w^ too groot tho flono tdU i^»fiwi mftlftUr 9r«^bsoia«
OA IfiToiPtod OOMO ofctoo Tortos io t«i«ft Uui aa«iio vliofto taM6«»t ift tlio
fffifctig Tolooitr diirldftd ^9" tl^ 0Ki 'voloeitir^ ^s ^nmiaig voXoeltgr
doposidft piiiMitlF «l?os liixtiivo, i^ixSMt^ to a iMtUf t«v%aIoaeo, aad
ftMooaditflly i9c^ jnrolMMfctia^ «&d e^or v&ria^loft. flbo ooaiBatioa roaotlmi
la oM^otod la a rmtr ^mrt opaieo, loss than 0.2 Xme^mm la ^lo
oscporljasat, a»d a "V^r lll^ toapof^UBm i^nifiUloftt «Eloto tOkvoQ^ tliio ^paM.

<»«iii ^A «%«««» %» iiwmfw* »h—A ftf tli« HaMi. 19m total ]pNMi«aftt
doi«ttl«n9ii froM «li« Awn* la l»m» tluA tHM a3»^» i% Iqr «» wlaMhNi
tb« littltallO!i» of tM» ««tt^ ttvo atftifold la tlui fiwyat ttuit Moiar ^
tlio l«SM»taaftt iN£H«bat«« o<Ha4 M% 1^ mm^ tkopewn^Or i»v««ti|MMMi 4^
to Ui^ of tia» or 0(|alp«B&t. hpttmstf «MAg tlie s^ii^t^toA iMit«ni ioro
Hio oM^l^^o j^otiopo of Hio f3t««o aoifhMiliT osa iMiffor 1m woYlMd o«t«
A Ijdrseiar f2««o liolAor lyonXd li«fo oli^lifloA »alciais tliooo tnrvmr^MO oiSM
iiTt dictc^r'biBM^i of tiio ftoao otfttot^ro voiaA 1m lam* impvtttmt Im
ffoHoa. A li»y«tt|^ tpootzosooFio an^^acE of tho tiapira^Mf ooolA te
fitr tiiporios* to 439^ tliomooo^plo a^i^artiwtaio oiaeo tboro voislA 1n> ao
dio%ia^kaa#o to tiMi Hmm oaA ao oairfoaa offoat* ^raoaaro twtefmrw—
aaalA %o a«4a vi^ a iraxT flaa otaol ia@?aot taia. I^tii a Itafi^ar fla«a
holAor idtto ^to aeiillo«aa aa^MA mt^ tall aora olacM lU^^i «Boa^ taleoAttaa
aAiM ^ ol»%alaoA ail^ a largoar Atvtaa to aaa:^a tte otAilioiaa t» 9$^ aip
tlio ioait fl^ pattom odraaaA 1^ oad of tlio t%mm ^lAar» Xt al#t httrm
\mtm vavaaliai; to lurta tiio raittoAar of l^a aix^MPoforiaa-floa at
lla«-off 6«ir«oo, tet for onagartaA tlui ^;»aa Homo iMlAmro it A»oo aot
aaaa of i^smsef Ifgortaaaa. A Umaa^ otaAar of t^o INieiE prm^mam of
tiM fhme 9M a f^iaatioa of tko flov ffto aaA te«aia« tato aaalA IM aaAo

^t» ftf til* id^Jiift wMifc iM«4fti it a wMoui of ttftftisie M^t
%o Hm iiygiiig ftf tii» IbwMMn tX«m ^ i««ifi and ynm S1W» Sttri«e ^^
9snM«a^ iavimii^tliia r«pi«^«d aXtrntptm ve9% v»^ to tvetf^ |i>iii»g|Biglt1iil1y
^» tvftel» of iXlmeUAtod i^ortielM «f tal«m y»tot aad «Mgit>t1qa «ff%o9«t«t
tnft* «lllwn#i » IJL^t MttMio of a|ypv#Btaatt^^ fowr irtllioii Itnwwt ««§
p^M*ft wiiMjBk «ix l«i^«i of ^« ttrofiAt t^ l>ftUM eovIA aot lio srooorAftA
iditk ttvifellattlo ^Atogni^ldltt •fSijpMit at tho v«lo«iti#« of lat^^ot I&
tiM iiCTnB«tifiailom« It woQ^d Ho o ftAi«dP»i iioa:t ot^ to }mX%€ a loTfor
flfo ^sldi^ «i;^bl« of 1b«a«i«s ot m^ior volotfitioo Im oHor to ooo if
tiMi flat aal ooneoifo osurfoooo g%^fm tho itwrnm f^oftXto at M^glior toloeltioo*
fte oovodsnwii* ^i^t of %k» iooigA of %im wf^^rmm ««rf«M ogwft ipoloei^
IpodioBt ais^ ^o s^Mltiie p&rfmmsmm iteaaft bo i»rootl«»t«&. iMUMi
ttio offoot of t&o ^ffo of flov ia t^Mi otiooB tipoft tiM flaao iMlior i^ottlA
%o otadiod. ^oir lo»»oaoo» %m m tliiolwr ^oaaoii^ Urov owl Wttor yor*
fonMBAO otstsdaoA i^oa tlio fl«o» Holdor is ploiOo& ia a diir^fj^ait otvooa
fi^UMt of a e«iotoiit m'oo or a ooav««|^os otcoMtt tHioi i« tte offoot
^ iatsoaottlUis intiX iato ^mi uarlKioat vogioao la tiio wko of ttio fioso
luadKr va^MHT tluA agj^trooai froa i%t <%vi«i^jr» ^o i^ro%loa of tho
tlioofjr of ^o flaao lioldor hm* wOgr liooa opoaod ia tliio iairooti^ti^o.

Wu^Hmw mHAmmm «Im^ in* %m^ fl^ %» Urn %«r%tta«it mcUui
•IrU&airiL fiif%t»f[iiil te iii« <arg«Ptiiwift |««vteMlar AMeHb^A tipm Om
•f tlHi wmtSmar ^ wt^k^r ftmt t« aIip Hay mni ^Miir yi^pr *fl» llMe«ar»
U«li^ « «mHI aft^il. 9f ih« •••» lilacs •» Om i««M iMeilMi of
tm$m mtwrnm tmm wm imtmtttmm %%p %^ ^m oIlMV. Umi trng^ 9M «^iili
iism «Aar tfuifWiU Mrfiprfl villi thm fwm ^mmm imm 9M ail tlsim^ imtf

til^ aMMHi liSUl^ HtHt IMMMMI i^lJMi TwIJliir tfCHilili iMl MI^MlMNlft




Record of <:^h In Inches of water AcroBs metering orifice at
Inetpjit of blow°off with lean mixtures






Total O.UO 0.39 oTw
Avg. 0.133 0.13 0.133


















































Fuel Pressure « I5 Ib./sq.in.
Concr-ve Round
















































Total 3.00 2e55 3.01
Avg. 1.00 0.85 1-003

A^
Record of A h In inches of voter across metering orifice at
instant of blov-off with rich mixtures
Tu.el Pressure ^ 2^5 I'b./^Q^'^' ^^o reading
Fuel Pressure - 5 Ib./sqoin. 2Jo reading














0.10 Total 0.320 0.10
Total O.Hl Total
Avg. 0.110
Avgo 0.102 Avg. 0,102

A-5





Total 0.14-5 O.U5 O.U5
Avg. 0.15 0,15 0.15





























0.38 Total 1.05^. O.37
0,38 0.38
Total 1.^2 Avg. 0,5275 Total TTvl




Record of timea required for one pound of fuel to flow through
burner for a given fuel preseure in the fuel line .











Fuel Pressure = 35 Ib./sq.in,





























Fu#l Pretsure = 20 Ib./tq.in,









f/sec « JL_ = 0.0020
500







r/sec = 1 = 0.00166

A-9
Record of times required for on< half pound of fuel to flow through
"burner for a given fuel presture la the fuel line .







v/iec = 0.5 « 0.001361














w/sec = 0.5 = 0.001073





r/sec 0, = 0.000883
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Tebulatloa of Coayutatioat for tht Rouad-end Rod
O'bject: to o"btalii values of Q at "blow-off for yarioas raluei
of wf/w^, ltial-to«ir ratio. Ejcplanatlon of syn'bolB and method of











































































g.o 0.0111 0.00132 0.119
15.0 0.01^ 0.00177 0.1265
20.0 0.01565 0.0021 O.I3UI
2U.O 0.0215 0.00237 0.1177
30.0 O.O2UV 0.00276 0.1135
35.0 0.029^ 0.0031 0.1055
B^
^t Ah Ah a ^ a ^ ci^^
11). /in.* in.H^O ft. Air Va h ft.7««c. ft.V»ec. ft. /s
air fuel ^otal
ec.
g.o 0.075 5.10 2.26 0.1U5 0.01095 0.156
15.0 0.110 IM 2,72 0.16s O.OlUg 0.1S2«
20.0 0.150 10.2 3.16 O.20U5 0.0176 0.22n
2U.O O.2U7 16.
g
U.l 0.263 O.Oigg 0.2g2g
30.0 0.360 2U.5 U.95 0.317 0.0231 0.3U01
35.0 0.5275 35.9 5.99 0.3SJ* 0.0259 0.U099

B-^
Tabulation of Coaputatlong for the Flat -end Eod
Object: to obtain raluai of Q at blow-off for rarioui values
of w^/w , fuel-to-air ratio. Explanation of tyabols and method of















































































^f ^"^ ^^ '^air "^fuel \ot.l





























15.0 0.103 7.0 2.5^5 0.163 o.oiUg 0.177s
20.0 0.150 10.2 3.19 O.20U5 0.0176 0.2221
2U.O 0.1916 13.02 3.61 0.231 0.019s 0.2508
30.0 0.29 19.7 H.Mi 0.281+5 0.0231 0.3076
35.0 0.38 25.65 5.09 0.326 0.0259 0.3519

B=»6
Tabulation of Conputations for Concave-end Rod
Objects to obtain values of Q, at blow-off for varloae values
of w-/w , fael-to-alr ratio. Kxplanation of symbols and method of
coaputation is in foregoing pages.
Lean Mi xturei
^f A h Ah
^air fuel total

































































lb. /in.* air fuel
Wf/V
15.0 O.OI2UU 0.00177 O.IU2I
20.0 0.01565 0.0021 O.I3UI
2L'.o C.C17S 0.00237 0.1332
30. 0.0212 0.00276 0.1265
35.0 0.025 0.0031 O.I2U
E^
Rich Mixtures
p Z:^ h A h q
,
q q
I air fuel total
lb. /in.* In.HO ft.eir Ja h ft.-^/sec. tt.^/seo, ft.'/eec
15.0 0.102
"
6.9H 2.535 0.1625 0.01^^ 0.1773
20.0 0.150 10.20 3cl90 O.20U5 0.0176 0.2221
2U.O 0.193 13^11 3^620 0.232 0.0198 0.2i^9S
30.0 0.290 19^70 u.uu 0.22U 0.0231 0.3076
35.0 O.38O 25.^5 5^09 0.326 0.0259 0.3519

mmmmf flMtm*.
^fmwit M, .^mMfil 'T'tlTfllffi' ^^l>* 1^.19^.
m%* mA UMPris JltKiMiap, *fmfmm 9l&aHm ftf «i»
l«id«» *£wv«2«iiiMft IMP 9«Atttti«ni yjiii'glt «!
tofHtfNt SodU oMft flMnthor mm Wih ^*1^ toiHoolio of
tlio 0«olBoti«ft of Hyd^Poeoitoo50»*»|>»* Jlf^J^*
Hogiinfft l«oio MiA iMoal^ii^ 1MB l^lMi, *lll»»»«y of noMi
1» t. Iloofe oftA Ommi* f. Misrfio ^y., «lte Moomyoiioof
•f floMO %ood,* 9IP»|i'7*j^?*
f^iSHWto A* instil* ^ifM^^Um of ^tfttioaidQr f1 raoot^*
S. f• fio«KrA toA n^. ^fOMft* *Jfi»^Uiis is naoo j^nqp*-
ioSi K ilftS34(r* OMi^«« aotoo Ia Urn gf/Se^t^ ^«t rg^^oiloiOB Ooturoo
1^ ftwiooolaoT ^tH^ftrntHaadm looiitaio* t^k6»H7t
flMiiiWiilV il<» of S||^ MLoi^lir ^«««*
*^»% Pvopoloioo %oloo,*

I^HiV* •Wl»# «VW •4vK WMi -WWOTIBii ^jl^
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